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Abstract 
Game-based learning is supposed to motivate learners. However, to what degree does 
motivation driven by interest in playing an instructional game affect learning outcomes 
compared to motivation driven by interest in the very learning process? This is not 
known. In this study with a unique design and intervention, young adults (N = 128; a 
heterogeneous sample) learned how to control an electro-mechanical device in a 40-
minute-long learning session integrated into a 2-hour-long educational live action role-
playing game (edu-LARP). Edu-LARPs are supposedly engaging games where players 
take part in team role-playing by physically enacting characters in a fictional universe. 
In our edu-LARP, players had to understand how the to-be-learned device worked in 
order to win the game. Departing from typical game-based learning research, learning- 
and playing-related variables were assessed for each learner separately (i.e., a within-
subject design). Affective-motivational factors related to playing (rather than learning) 
predicted learning outcomes in a positive, but considerably weaker, way compared to 
learning-related, affective-motivational factors. Developed interest in LARP-like games 
was primarily related to enjoying the game rather than better learning outcomes; 
whereas, developed interest in the instructional domain was primarily related to 
enjoyment of learning and better learning outcomes. Overall, autonomous motivation 
to play was connected to higher learning outcomes, but this connection was weak. 
Keywords: game-based learning; autonomous motivation; learning-outcomes; 
developed interest; live action role-playing games; edu-LARPs 
 
 
Brom et al 
 
 
65 | F L R  
 
1. Introduction 
Game-based learning experiences are widely supposed to boost the autonomous motivation of learners. 
Autonomous motivation refers to doing an activity for its own sake or for its perceived personal importance 
(Vansteenkiste et al., 2009). Higher autonomous motivation is supposed to increase cognitive engagement and 
thereby facilitate learning (e.g., Moreno, 2005; see also Cordova & Lepper, 1996; Grolnick & Ryan, 1987). 
However, to what degree does motivation driven by interest in playing an educational game impact learning 
outcomes? Is the influence of this motivation on learning outcomes higher, lower or the same compared to 
how much motivation driven by interest in the instructional topic impacts learning? This research question is 
addressed in this study. 
Participants played a 2-hour-long educational live action role-playing game (edu-LARP) with a sci-fi 
plot, that included a 40-minute-long learning session organically integrated into the middle of game play. Edu-
LARPs are supposedly engaging game-based learning experiences that emphasize team role-play and an 
element of physical enactment (Bowman, 2014; Bowman & Standiford, 2015; Hyltoft, 2010; Montola, 2008; 
Vanek & Peterson, 2016). To win the game, players had to learn (in the integrated learning session) how to 
control an electro-mechanical device. The device was fictitious, having meaning only in the game context (to 
minimize the influence of prior knowledge). From an educational perspective, learning how the device worked 
represented general mental models acquisition in science, technology, and engineering contexts. 
Participants included young adults having varying degrees of developed interest in sci-fi LARP-like 
games and developed interest in electro-mechanics/ICT. Developed interest refers to a relatively enduring 
predisposition to re-engage with particular types of content over time (Hidi & Renninger, 2006). The edu-
LARP was designed to appeal primarily to those with the former developed interest. The learning session and 
the device were designed to engage primarily those with the latter developed interest. The reason for this was 
to create two distinct drives of autonomous motivation: one being interest in playing and the other interest in 
the instructional domain.  
Enjoyable instructional experiences may not only increase autonomous motivation; they can also cause 
greater cognitive load (e.g., Mayer, 2014; Rey, 2012; Um et al., 2012). Cognitive load refers to the amount of 
mental activity imposed by the educational experience on working memory (Sweller, Ayres, & Kalyuga, 
2011). High cognitive load, especially if triggered by too complex or distractive elements in the learning 
environment, has opposite effects on learning processes than does motivation. It can overwhelm limited 
working memory resources and thereby hamper learning (e.g., Sweller, Ayres, & Kalyuga, 2011; see also Um 
et al., 2012). 
In this study, we measured autonomous motivation as well as cognitive load variables. We measured 
them twice during the game: with respect to game play (i.e., before the learning session) and with respect to 
the learning (i.e., after the learning session). We contrasted how motivation to play versus motivation to learn, 
and game-engendered versus learning-engendered cognitive load, influenced learning outcomes (i.e., within-
subject design). Learning outcomes were measured both after the edu-LARP and a month later. We also 
examined whether developed interest in the instructional domain, and in the game, affected the two 
autonomous motivations, two cognitive loads, and learning outcomes. Finally, we explored whether the 
(possible) relationship between the two developed interests and learning outcomes was mediated by affective-
motivational or cognitive load variables.  
2. Study Background 
2.1 Games and Learning 
There are many definitions of games. In this paper, we understand game in the terms of Jull’s definition 
(2003): as a rule-based system with variable, quantifiable outcomes, in which actors (i.e., players) have the 
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possibility to “attach” themselves intrinsically to different outcomes of the playing process. At the same time, 
they can influence the game state while working toward the goal (with or without real-life consequences). 
Players must make an effort to influence the game state. One of the key drivers for exerting such effort is 
autonomous motivation to play the game. 
Various types of learning exist; for instance, skill training, learning of facts, or mental models 
acquisition. In this study, we focus on mental models acquisition, as understood in constructivist frameworks 
(e.g., Mayer, 2009). Mental models are knowledge structures that represent processes and/or systems and that 
enable drawing inferences about the processes/systems. These structures are built in learners’ minds within the 
context of knowledge structures previously acquired. The process is not automatic: Learners have to exert 
mental effort to do so.  
One of the key premises of game-based learning is that motivation to play the game can positively 
influence learning processes and thereby enhance learning outcomes. How exactly motivation to play should 
do this (and whether it can actually do this, and if so, how strongly) has rarely been examined in game-based 
learning literature. This is discussed in detail in the next section. For example, when can effort invested into 
playing (driven by autonomous motivation to play) be transferred to effort invested into learning? This is not 
known. The present study examines one possible mechanism through which motivation derived from playing 
can enhance learning, as outlined in Section 2.4. 
2.2 Game-Based Learning and Edu-LARPs 
The game-based learning field has been dominated by digital games. However, other approaches, such 
as edu-LARPs, are also becoming popular (see Bowman, 2014). As said above, the motivational potential of 
game-based learning has been generally assumed, but evidence substantiating it is limited. For example, digital 
games slightly enhance learning compared to traditional instructional approaches (e.g., meta-analyzed in 
Clark, Tanner-Smith, & Killingsworth, 2016; Wouters, van Nimwegen, van Oostendorp, & van der Spek, 
2013), but the extent to which they do so through affective-motivational factors is unclear. Many studies 
included in the meta-analyses have not researched affective-motivational factors (see Sitzmann, 2011; Wouters 
et al., 2013). The affective-motivational dimension has thus been omitted from most meta-analyses. Wouters 
and colleagues, who did examine the effects of games in this dimension, reported that instructional games are 
more motivational compared to traditional types of education, but the difference only approached 
significance1. Narrative reviews of game-based learning literature (e.g., Bowman, 2014; Boyle et al., 2016; 
Jabbar & Felicia, 2015) also did not provide information about how much game-derived motivation influences 
learning outcomes.  
Claims about the possible influence of game-derived motivation on learning outcomes are 
substantiated by experimental studies that have examined the effects of individual game design elements (see, 
e.g., Clark et al., 2016; Wouters & Oostendorp, 2017). Some of these elements have been shown to elevate 
affective-motivational factors as well as enhance learning outcomes. These include personalization and choice 
(Cordova & Lepper, 1996), intrinsic integration of the learning content with game mechanics (Habgood & 
Ainsworth, 2011), and team role-playing activities (Brom, Šisler, Slussareff, Selmbacherová, & Hlávka, 2016).  
However, correlational studies examining the strengths of associations between game-derived 
affective-motivational factors and learning outcomes have offered a mixed picture (e.g., a negative influence: 
Iten & Petko, 2014; a positive influence: Sabourin & Lester, 2014). The reason behind this ambiguity could 
be that the motivational–learning correlations have been confounded by contextual factors, most notably, by 
different levels of cognitive load caused by different game designs. Even in comparative studies, experimental 
and control conditions could differ in the levels of cognitive load (often uncontrolled) imposed upon learners. 
To take the next step in answering the question on the strength of game-derived motivation’s learning impact, 
it would be useful if motivational effects triggered by an educational game were contrasted with effects 
triggered by an unquestioned, robust, “baseline” motivational factor while all participants were undergoing the 
 
1 The p-value, unreported in the paper, is .076 (Pieter Wouters; email dating from 16 Dec 2013). 
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same intervention. This would make levels of cognitive load dependent on differences between individuals 
rather than between contextual factors. What should this robust “baseline” be? 
High interest in a learning domain, and/or in an instructional topic, is straightforwardly implied by 
theories of motivation and interest in enhancing learning processes (e.g., see Eccles & Wigfield, 2002; Hidi & 
Renninger, 2006; Keller, 2010). The positive effects of this interest on motivation to learn and learning 
outcomes have been repeatedly demonstrated (e.g., Brom et al., 2017; Fulmer, D’Mello, Strain & Graesser, 
2015; Schiefele & Krapp, 1996; Schiefele, 1999). Therefore, we used motivation driven by interest in the 
learning domain as our “baseline”. We contrasted effects of the “baseline” motivation on learning outcomes 
with the effects of motivation to play the game. The latter motivation was triggered using one of the approaches 
having been previously shown to be instrumental in doing this: team role-play activities in an edu-LARP.  
Edu-LARPs derive mostly from leisure time social role-playing games (Bowman, 2014). Social role-
playing games emphasize players’ interaction, which distinguishes them from single-player role-playing 
games. Social role-playing games are organized around a modeled scenario/narrative. In edu-LARPs, players 
enact this scenario physically, unlike in table-top and digital role-playing games.  
Edu-LARPs present an old educational approach (Kot, 2012; Vanek & Peterson, 2016), which recently 
saw a surge in interest (see Bowman, 2014). They have been utilized for a range of curricular objectives and 
they are supposed to have various instructional benefits (Bowman, 2014; Hyltoft, 2008). For instance, they 
seem to be useful when a model scenario is to be re-enacted: such as for skills-training (e.g., Hayden, Smiley, 
Alexander, Kardong-Edgren, & Jeffries, 2014) or understanding complex, socio-historical relationships (e.g., 
Brom et al., 2016; Mochocki, 2014). Motivational potential is yet another possible advantage of edu-LARPs 
(e.g., Bowman & Standiford, 2015; Vanek & Peterson, 2016).  
As in the case of digital game-based learning, researchers are still developing empirical evidence on 
edu-LARPs’ effectiveness (Bowman, 2014). The key evidence substantiating the claim about the motivational 
potential of edu-LARPs comes from the experimental study with a large sample by Brom and colleagues 
(2016), who demonstrated that learning outcomes and affective-motivational variables were enhanced when 
high school students learned through an edu-LARP compared to a discussion-based control without the role-
playing game element. The affective-motivational variables partially mediated the game’s positive effect on 
learning outcomes. Supplementary evidence for the motivational potential of edu-LARPs comes from 
anecdotal reports (see Bowman, 2014; Bowman & Standiford, 2015).  
2.3 Individual Differences in Developed Interest  
Different learners are interested in different things. Learners’ interests may influence how much they 
will be motivated to study a particular topic or learn using a game-based approach. For example, not all learners 
are equally motivated by edu-LARPs. Some learners do not want to get involved in role-play (Vanek & 
Peterson, 2016); especially those with low prior experience with this game format (Mochocki, 2014). Learners 
with applied study backgrounds found an edu-LARP approach more appealing than learners with social 
sciences backgrounds (Brummel et al., 2010). Whereas some learners enjoyed an edu-LARP experience, others 
were stressed by the necessity to interact socially during the game (Brom et al., 2014).  
On a theoretical level, these ideas can be embraced using the notion of well-developed individual 
interest (called developed interest here for brevity). According to the four phase model of interest development 
(Hidi & Renninger, 2006), this is the most enduring form of interest: a relatively stable predisposition to re-
engage with particular types of content. Two developed interests are important here. The first one is interest 
in sci-fi LARPs and similar games and game-like experiences (hereafter also called gamer scores). The second 
one is developed interest in the instructional domain/topic, i.e., ICT/electro-physics (hereafter also called 
techie scores).  
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2.4 Autonomous Motivation and Self Determination Theory 
How can gamer scores and techie scores be theoretically connected to motivations to play and/or to 
learn? How can these motivations be theoretically linked to learning outcomes? (We note that we do not focus 
here on leveraging general school motivation, but on motivation and learning outcomes related to a particular 
learning experience.) 
A useful way of organizing different forms of motivation provides a framework, which differentiates 
between autonomous and controlled motivations (Ryan et al., 2006; Vansteenkiste et al., 2009). This 
framework is based on self-determination theory (Deci & Ryan, 1985). Autonomous motivation, which is of 
present interest, is characterized by an internal perceived locus of causality (deCharms, 1968; Ryan & Deci, 
2000): Learners perceive this motivation as originating within themselves. (Controlled motivation is 
characterized by an external perceived locus of causality.)  
Autonomous motivation is the desired type of motivation (Deci & Ryan, 2008), because it is linked to 
several advantages: including better learning outcomes (e.g., Cordova & Lepper, 1996; Grolnick & Ryan, 
1987; Vansteenkiste et al., 2005; see also Schiefele, 1999; Vansteenkiste et al., 2009). We share this 
assumption here (General Prediction). Within self-determination theory, autonomous motivation has two 
subcomponents (Vansteenkiste et al., 2009; see also Ryan & Deci, 2000): intrinsic motivation that refers to 
doing an activity for its own sake (because it is inherently enjoyable) and identified regulation, a form of 
extrinsic motivation that refers to doing an activity because of its perceived importance.  
Self-determination theory maintains that autonomous motivation is fostered when learning 
environments facilitate learner satisfaction of needs for autonomy, competence, and relatedness (Deci & Ryan, 
1985; Vansteenkiste et al., 2009). As concerns intrinsic motivation to learn, the need for competence would 
be satisfied more often among persons with a high developed interest in the learning domain (i.e., techies) than 
for those with a low developed interest therein (i.e., non-techies). The reason is that techies would typically 
feel more competent in solving the learning task than non-techies. Therefore, self-determination theory 
predicts that techie scores will positively relate to intrinsic motivation for learning how an electro-mechanical 
device works (Prediction SDT1a; SDT = self-determination theory). Consequently, the techie scores will 
positively relate to learning outcomes (Prediction SDT1b).  
Based on self-determination theory, intrinsic motivation to play would be hampered when a game 
undermines one of the above needs: it will be lower for those who find it hard to play an edu-LARP 
(competence) or who feel uncomfortable during role-playing/social interaction (relatedness). Intrinsic 
motivation to play will thus positively relate to the gamer score (Prediction SDT2a).  
As concerns identified regulation to learn, the following applies: High autonomous motivation to play, 
presumably more prevalent among gamers, can be transferred to identified regulation to learn, because players 
motivated to play may invest more into learning (they feel it is important as part of the game). Consequently, 
the gamer score should relate positively to learning gains (Prediction SDT2b). However, the gamer scores → 
learning outcomes link may be weaker than the techie scores → learning outcomes link, because it is not 
guaranteed that motivation to play would project to identified regulation to learn for all participants 
(Prediction SDT3).  
2.5 Distraction and Cognitive Load Theory 
Cognitive load theory (Sweller, Ayres, & Kalyuga, 2011) is a theoretical framework based on a model 
of human cognitive architecture, which enables educational designers to construct instructionally efficient 
learning environments. Its key assumptions are that working memory has limited capacity and duration; 
whereas, long-term memory serves for permanent storage with unlimited capacity and duration. During 
learning, incoming information is first represented in working memory and eventually integrated with pre-
existing knowledge structures in long-term memory. These knowledge structures also organize temporary 
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representations in working memory: More advanced structures enable the representation of incoming 
information using fewer information elements.  
Following its recent adjustment (Kalyuga, 2011), cognitive load theory posits two types of working 
memory load: intrinsic and extraneous. Learners must allocate cognitive resources to deal with these loads. If 
they fail to do so, or if total load overwhelms working memory resources, learning is hampered.   
Intrinsic load is imposed on learners by the complexity of the learning task. Intrinsic load is essential 
for comprehending the learning message: Dealing with it results in learning. In determining the task’s 
complexity, one has to consider learner’s prior knowledge (i.e., knowledge structures in long-term memory 
prior to learning). What is complex for a novice may not be complex for an expert.  
In this study, learners learn to operate a fictitious electro-mechanical device. Prior knowledge of the 
device is null for everyone, but techies will possess high-quality knowledge structures concerning certain 
general electro-mechanical concepts; e.g., “electrical signal”. These structures will enable them to represent 
information in their working memory more efficiently. Within cognitive load theory, this means techies will 
have lower intrinsic load (Prediction CLT1a; CLT = cognitive load theory). Therefore, it is less likely that 
techies’ working memory would be overloaded compared to non-techies. Consequently, in agreement with 
Prediction SDT1b, techie scores will be positively related to learning outcomes (Prediction CLT1b). 
Extraneous load is caused by the processing of sub-optimally designed features of learning 
environments. It should be minimized, because accommodating it depletes cognitive resources that could 
otherwise aid in dealing with intrinsic load. Extraneous load can arise from two sources within a game-based 
learning environment: a) from the sub-optimal design of the instructional content embedded in the game and 
b) from game play as such. Those with high techie scores will likely cope better with possible sub-optimal 
design, which adds weight to Prediction CLT1b. As concerns the game-related source of extraneous load, a 
portion of players’ cognitive resources will be devoted to thinking about playing the game. These thoughts 
will deflect learners’ attention away from learning. Game-related, but learning-irrelevant, thoughts are likely 
to be amplified for non-gamers, who do not yet have well-developed game-related schemata/skills. Therefore, 
game-engendered extraneous load will be negatively related to gamer scores (Prediction CLT2a). Because it 
may cause cognitive overload and hamper learning, gamer scores will relate positively to learning outcomes 
(Prediction CLT2b).  
3. This Study – Overview and Hypotheses 
This study examines how much autonomous motivation driven by developed interest in an educational 
game influences learning outcomes compared to motivation driven by developed interest in the instructional 
domain (i.e., within-subject design). Autonomous motivation is referred to hereafter as motivation for the sake 
of brevity; the first motivation is referred to as motivation to play and the second one as motivation to learn. 
The two developed interests are called gamer and techie scores, respectively. The study also investigates how 
these two scores affect motivation to play, motivation to learn, overall game enjoyment, difficulty of game 
play (as a proxy variable to game-engendered extraneous cognitive load), cognitive loads engendered by the 
learning experience, and learning outcomes.  
Directional hypotheses:  
H1: The techie scores will relate 
• (H1a) positively to motivation to learn (based on Prediction SDT1a);  
• (H1b) negatively to cognitive loads engendered during learning (Prediction CLT1a); 
• (H1c) positively to learning outcomes (Predictions SDT1b and CLT1b). 
H2: The gamer scores will relate 
• (H2a) positively to motivation to play and also overall game enjoyment (Prediction SDT2a); 
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• (H2b) negatively to difficulty in playing the game (Prediction CLT2a);  
• (H2c) positively to learning outcomes (Prediction SDT2b and CLT2b).  
The directional hypotheses concerning influences of the techie and gamer scores are summarized in 
Table 1. There relationships for the remaining pairs of variables (i.e., in columns and rows from Table 1) will 
be explored (Exploratory Goals E1, E2). 
 
With respect to the influences of both motivations on learning outcomes, the following hypotheses 
will be examined (Table 2): 
 H3:  
• (H3a) motivation to play will be positively related to learning outcomes (Prediction SDT2b 
and General Prediction); 
• (H3b) motivation to learn will be positively related to learning outcomes (General Prediction). 
The link between cognitive loads and learning outcomes will be explored (Exploratory Goal E3).  
 
We put forward these mediation hypotheses (Table 3): 
 H4: The relationship between techie scores and learning outcomes will be mediated 
• (H4a) positively by motivation to learn (Prediction SDT1a and SDT1b); 
• (H4b) negatively by cognitive loads evoked during learning (Prediction CLT1a and CLT1b). 
 H5: The relationship between gamer scores and learning outcomes will be mediated 
• (H5a) positively by motivation to play and also overall game enjoyment (Prediction SDT2a 
and SDT2b); 
• (H5b) negatively by difficulty in playing the game (Prediction CLT2a and CLT2b). 
 
 Finally, we will explore (E4) whether the relationships between a) gamer scores and learning outcomes 
and b) motivation to play and learning outcomes is weaker compared to complementary relationships between 
(a) techie scores or (b) motivation to learn and learning outcomes (cf. Prediction SDT3). 
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Table 1 
Hypotheses/exploratory goals related to techie and gamer scores 
Dependent variables 
Independent variables 
Techie scores  Gamer scores 
 Hypothesis Prediction  Hypothesis Prediction 
Motivation to playa ? E1a —  + H2a SDT2a 
Overall game enjoyment ? E1a —  + H2a SDT2a 
Motivation to learna + H1a  SDT1a  ? E2a — 
Overall game difficulty ? E1b —  – H2b CLT2a 
Learning-engendered 
cognitive loads  
– H1b CLT1a  ? E2b — 
Learning outcomes + H1c CLT1b; SDT1b  + H2c CLT2b; SDT2b 
aIndexed by proxy variables. 
Note: + positive relationship expected; – negative relationship expected; ? no expectation.  
 
Table 2 
Hypotheses/ exploratory goals related to how variables assessed in situ predict learning outcomes 
Predictor Learning outcomes 
 Hypothesis Prediction 
Motivation to playa + H3a SDT2b; General Prediction 
Motivation to learna + H3b  General Prediction 
Learning-engendered cognitive loads  ? E3 — 
aIndexed by proxy variables. 
Note: + positive relationship expected; ? no expectation.  
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Table 3 
Hypotheses/exploratory goals related to mediation 
Possible mediators 
Direct effect 
Techie scores → Learning outcome  Gamer scores → Learning outcome 
 Hypothesis Prediction  Hypothesis Prediction 
Motivation to playa — —  + H5a  SDT2a; SDT2b 
Overall game 
enjoyment 
— —  + H5a  SDT2a; SDT2b 
Motivation to learna +H4a  SDT1a; SDT1b  — — 
Game difficulty — —  – H5b   CLT2a; CLT2b  
Learning-engendered 
cognitive loads 
–H4b CLT1a; CLT1b  — — 
aIndexed by proxy variables. 
Note: Expected relationship: + positive; – negative.  
4. Methods 
4.1 Participants 
 Participants were recruited from university pools and via the Facebook pages of LARP/sci-fi 
communities and using short-term job advertisement servers. We emphasized that we were seeking both novice 
and seasoned LARP players. Participants received financial compensation (400 CZK, ~15 EUR). 
 Prospective participants completed an online questionnaire, which provided demographic data (Mage 
= 24.7; SDage = 3.72) and data on prior LARP-related experience. We invited selected participants for one of 
11 game runs, such that people with both low and high prior LARP-related experience and with diverse 
study/employment backgrounds (see Suppl. Mat. A) participated in every run (10-13 participants per run). 
Ultimately, 128 participants were included in the analysis. Two additional participants were excluded due to 
health issues. Seventeen participants were excluded from the analyses of delayed learning outcomes data 
because they did not attend delayed testing session.  
 The sample was heterogeneous with respect to two techie and gamer scores (Figure 1). These two 
variables also did not correlate (r = .06); i.e., we recruited techie gamers, techie non-gamers, non-techie 
gamers, and non-techie non-gamers.  
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Figure 1. Participants’ techie and gamer scores. 
4.2 Materials 
 Edu-LARP. We designed the LARP as a 2-hour-long game that can teach a scientific topic by means 
of an embedded learning session. The LARP was a sci-fi space opera with a plot created by a seasoned LARP 
script writer. The story started in the midst of a journey on a generation spaceship. The players took on roles 
of technical school students therein. Certain events triggered a mutiny, during which the fighting parties 
damaged input cables to a device for controlling correction thrusters (i.e., sideways-pointed motors used to 
make small corrective movements when a spaceship is already in space). This left the ship on a collision course 
with an asteroid. Only one access route to the device remained passable: it led from the technical school via 
an escape corridor. The players had to learn how the device works (Figure 2, 3), locate it, set it to manual 
control, and tweak its cables to avoid hitting the asteroid and save the ship’s population.  
 The complexity of roles was determined during pilot experiments. The roles were less complex than 
in a typical LARP for seasoned players, but still relatively complex for novice players (i.e., a compromise). 
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Figure 2. A: Model of the device available during the learning session. B: Rewired cabling. C: The actual 
device. D: Schematic drawing of device. 
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Figure 3. A: Players discussing game options. B:  Players interacting during the learning session. C: Players 
rewiring cabling on a model.  
 In the middle of the game, the teacher (game master) initiated a 40-minute-long learning session, 
during which he taught the students how to operate the device (Figure 3b, c). The plot was designed so that all 
players were motivated to learn this (see Suppl. Mat. B for details). The players worked with functional models 
of the device. They did not have access to these models outside the session, and the teacher never commented 
on the device’s functioning, except during this session. A clear beginning and end point for the session also 
enabled the teacher to administer questionnaires during the game at well-defined moments.  
 Toward the end of the game, the players gained access to the actual device. They had 9 minutes to 
tweak it in order to correct the ship’s course.  
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 Teaching session. This was a 40-minute-long frontal lecture with slides interspersed with teacher-
guided hands-on-practice segments. During the lecture, players stayed in their game roles the whole time. Each 
player was given the device’s model and schematic drawing (Figure 2a, 2d). This was the first time they saw 
the model/device. To solve the final game task and win the game, players had to understand how the device 
works, i.e., acquire its mental model (mere superficial memorization was insufficient). 
 The model and the learning task. The key part of the model/device, the so-called control calculator 
a) controlled whether the ship’s course correction could be made given the current status of the correction 
thrusters and b) converted the course correction given in angular units to the force of the thrusters. Input wiring 
to the calculator relayed a signal from the deck carrying the correction command and status reports from the 
thrusters. Output wiring carried signals to the thrusters with force data and a command (either to perform the 
maneuver or test if it was possible to carry out the maneuver). The device featured a manual control which 
could partially override commands from the deck. With a sufficient level of understanding, one could re-wire 
the cabling (Figure 2b, 3c); by-passing certain calculations and/or changing the partial override mode to full 
override mode (see Suppl. Mat. C for further details). It was necessary to do these steps in solving the final 
task. 
 The actual device and the final task. The device was similar to the model (Figure 2c): but larger. It 
had a similar layout, but different graphics. It contained a timer that counted down the time to the ship’s final 
maneuver. During this time (9 minutes), the players, as a group, had to tweak the cabling and set the ship’s 
new course. This was a near transfer task with respect to the tasks assigned in the learning session.  
4.3 Measurements 
We faced a challenge because instruments assessing relevant constructs in the context of edu-LARPs were 
lacking. Also, the instruments needed to be short; especially those to be used during the game. Therefore, we 
adjusted several instruments from neighboring research fields, established face validity, and fine-tuned the 
questions during pilot experiments. All questions and scales are detailed in Suppl. Mat. D. 
4.3.1 Participant variables 
Demographic data. When expressing interest in participating in this research, participants reported 
online their gender, age, prior LARP-related experience, study background, and possible employment. Prior 
LARP-related experience was measured using six questions we developed, which assessed participants’ 
experience with various types of LARP-like games.  
Techie scores. This variable should reflect participants’ developed domain interest. Such interest was, 
in the present case, related to developed interests in ICT and electro-physics. It was also related to participants’ 
study types, as study type can generally be assumed to reflect the person’s interests. Therefore, the techie score 
was computed as a weighted sum of these two interests and a score assigned based on the participant’s study 
type (see Suppl. Mat. E for the exact equation). Developed interest in electro-physics (4 items; α = .87) and 
in ICT (4 items; α = .89) was assessed based on work done by Renninger and Schofield (2014). A score for 
the participant’s study type was assigned based on a rubric detailed in Suppl. Mat. E. ICT and electro-physics 
developed interests were strongly inter-correlated (r = .68) and moderately-to-strongly correlated with the 
study type score (r = .42, .44). 
 Gamer scores. This variable should reflect participants’ developed interest in the type of games 
exemplified by our intervention; i.e., a sci-fi LARP. It was computed as a weighted sum of participants’ prior 
LARP-related experience (as this reflects voluntary experience with LARP-like games) and developed sci-fi 
interest (α = .73; see Suppl. Mat. E for details). Prior LARP-related experience was reported online when 
participants expressed interest in our research (see above). Sci-fi developed interest was assessed similarly to 
the ICT/electro-physics developed interest (i.e., based on Renninger & Schofield, 2014) (5 items; α = .95). 
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4.3.2 Dependent variables 
 Autonomous motivation: positive affect, flow, and learning enjoyment. Motivations to play and to 
learn were examined separately. Because it would be difficult for learners to distinguish between these two 
motivations after the game ended, we assessed them in situ: at appropriate moments during the game play but 
without disrupting the play (i.e., using “gamified” questionnaires). We measured motivation to play through 
two proxy variables: flow and generalized positive affect (referred to hereafter as positive affect). We measured 
motivation to learn through three proxy variables: flow, positive affect, and learning enjoyment. Positive 
affect is related to various positively-valenced, activating feelings (e.g., excitation, activity). We measured it 
using Positive and Negative Affect Schedule (i.e., PANAS; Watson et al., 1988) (α = .82 – .93).2 Flow refers 
to pleasant absorption of an activity that one takes part in (Csikszentmihalyi, 1975). We measured it using 
three items from the Flow Short Scale (Rheinberg et al., 2003) (α = .85 – .89). Learning enjoyment was 
assessed using two questions from the Interest/Enjoyment subscale of the Intrinsic Motivation Inventory 
(McAuley et al., 1989) (r = .88). Only subsets of questions were used for brevity.  
 Learning-engendered cognitive load. In addition to learning-related motivation, we measured 
learning-engendered intrinsic load (2 items; r = .82) and extraneous load (3 items; α = .78) using questions 
adopted from the questionnaires by Leppink and colleagues (2014) and Naismith and colleagues (2015).  
 Overall game difficulty, overall game enjoyment. As a proxy variable to game-engendered 
extraneous load, overall game difficulty was measured using three items we created (α = .84). Overall game 
enjoyment was assessed with 10 questions we created (α = .89); based on motivation/enjoyment items from 
other questionnaires (e.g., McAuley et al., 1989; Schraw et al., 1995). Items were tailored for the specifics of 
LARPs.  
 Retention test. It had one question: “Draw a diagram of the device for controlling the ship’s correction 
thrusters showing all elements of the device”. A point was awarded for correctly drawing an element, for 
correctly positioning it with respect to other elements, for correctly naming it, and for correctly drawing a 
cable crossing (scale: 0 – 80). Two independent raters scored the answers with a nearly perfect agreement 
(immediate: Weighted Cohen’s κ = .995; delayed: κ = .999; Cohen, 1986).  
 Transfer test. We developed two complementary versions of the transfer test (for immediate versus 
delayed testing; counterbalanced across participants). One version had four and the other five open-ended 
questions, e.g., “Imagine that the spaceship does not have three correction thrusters, but four instead. What 
changes would you have to make to the device controlling the correction thrusters in order for the device to 
function with four thrusters?”. Participants were awarded 1 point for each correct solution or 0.25 or 0.5 points 
for a partially-correct solution (scales: 0 – 26 and 0 – 27, respectively). Two raters scored the answers with a 
substantial agreement (immediate: κ = .977; delayed: κ = .968).  
 Raters’ scores were averaged for the subsequent analysis. Prior to averaging, transfer test scores were 
z-transformed for each version of the test to obtain comparable values.  
4.4 Procedure 
 Participants received general LARP rules, a description of the setting, and brief descriptions of all 
roles in advance. They selected online which roles they would prefer to play.  
 Upon arrival, participants filled in the initial questionnaire (see Figure 4 for the experimental 
schedule). Afterwards, a warm-up period started: the LARP rules were recapitulated and participants could 
decorate the rooms with supplied thematic set pieces. Participants were then assigned roles (based on the 
preferences they had previously expressed), read their descriptions, and introduced their roles to fellow players.  
 
2 Some questions administered in this study were not analyzed and reported here. Examples include negative affect 
(from PANAS), which was out of present scope (see Suppl. Mat. A for descriptive data), and various manipulation 
check questions (e.g., on initial interest). 
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Figure 4. Experimental schedule. 
 Afterwards, the game started. The teaching session started about an hour into the game. Before it 
began, the teacher distributed the game-related flow and PANAS questionnaires (with a cover story about the 
ship’s supreme inspectorate evaluating the quality of his teaching). After the lecture, the teacher distributed 
the questionnaire that yielded post-learning flow, positive affect, enjoyment, and intrinsic/extraneous cognitive 
load data. After roughly 20 minutes, players eventually found access to the escape corridor and located the 
device, wherein they solved the final game task.  
 Participants then filled in the final questionnaire, which primarily yielded overall game enjoyment and 
difficulty assessments. Afterwards, retention and transfer tests were distributed. Finally, a game debriefing and 
an interview were organized.  
 About three weeks after the LARP, participants arrived for the delayed testing session. They were 
given retention and transfer tests and developed interest questionnaires.  
4.5 Data treatment 
 Post-learning positive affect and flow tapped at-the-moment experienced affective-motivational states. 
These states could be influenced not only by learning, but also by game play that preceded the learning session 
(this was not the case of enjoyment/cognitive load scales, because the respective questions referred to the 
learning session as such, see Suppl. Mat. D). We wanted to use, as proxies to motivation to learn, positive 
affect/flow-derived variables that satisfied two requirements: They were a) related to pre-/post-learning change 
in positive affect/flow and b) independent of pre-learning positive affect/flow. Therefore, learning-related 
positive affect/flow were computed as pre-/post-learning positive affect/flow residual differences (by 
regressing the post-learning positive affect/flow on the pre-learning positive affect/flow).  
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5. Results  
 The means and averages of the dependent variables are included in Suppl. Mat. A. The correlation 
matrix is also provided therein.  
5.1 Techie scores  
We used multiple linear regressions with two independent factors: gamer and techie score. When 
entered together with gamer scores into the models, techie scores modestly predicted motivation to learn (Table 
4), so Hypothesis 1a was supported. Techie scores strongly predicted cognitive load induced by learning (in 
the negative direction) and learning outcomes, so Hypotheses H1b and H1c were also supported. 
 As concerns Exploratory Goals E1a and E1b, techie scores were unrelated to game-induced flow and 
positive affect. However, they were modestly related to game enjoyment. This can be explained by the fact 
that game enjoyment was measured after the LARP ended, so it was arguably also influenced by liking the 
learning session (unlike game-induced flow/positive affect measured before the learning session started). 
Techie scores were unrelated to perceived game difficulty.  
 We conclude that techies liked the learning session more (compared to non-techies), it was easier for 
them to learn, and they learned better. However, playing a LARP was not more motivating for them. 
5.2 Gamer scores  
Gamer scores strongly predicted motivation to play, overall game enjoyment, and (in the negative 
direction) game difficulty (Table 4). Hypotheses H2a and H2b were thus supported. Gamer scores were 
modestly related to learning gains (except for immediate retention). Hypothesis H2c was thus partially 
supported.   
 As concerns Exploratory Goals E2a and E2b, gamer scores were unrelated to motivation to learn and 
learning-engendered cognitive loads. We conclude that participants with higher gamer scores were relatively 
more motivated to play the LARP and playing was easier for them. They also learned slightly better. However, 
gamer scores were not showed to be connected to motivation to learn and cognitive load. 
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Table 4 
Standardized beta coefficients for a multiple regression model (predictors: techie/gamer scores) 
Dependent variables 
Independent variables 
Techie score  Gamer score 
 
Beta 
coefficient 
Hypothesis/ 
Goal 
 Beta 
coefficient 
Hypothesis/ 
Goal 
Motivation to play  ○E1a   ✓H2a 
  – Game-induced PA 0.09   0.49***  
  – Game-induced flow 0.10   0.41***  
Game enjoyment 0.18* +E1a  0.36*** ✓H2a 
Motivation to learn  ✓H1a    ○E2a 
  – Learning-induced PAa 0.24**   0.07  
  – Learning-induced flowa 0.22*   -0.07  
  – Learning enjoyment 0.29**   0.06  
Game difficulty -0.13 ○E1b  -0.47*** ✓H2b 
Learning-engendered 
cognitive load  
 ✓H1b   ○E2b 
  – Intrinsic  -0.49***   -0.07  
  – Extraneous -0.30**   0.11  
Learning outcomes  ✓H1c   [✓] H2c 
  – Retention immediate 0.39***   0.14  
  – Retention delayed 0.36***   0.19* ✓ 
  – Transfer immediate 0.49***   0.20* ✓ 
  – Transfer delayed 0.44***   0.19* ✓ 
Note: PA = positive affect. Hypotheses: ✓ supported; [✓] partially supported. Relationships found: ○ no; + 
positive; – negative. 
aPre-post residuum. 
*p < .05 **p < .01 ***p < .001 
5.3 Affective-motivational–learning relationship 
Which in situ measured variables predicted learning outcomes? The effects of the following variables 
were investigated: game-induced positive affect/flow, learning-induced positive affect/flow, learning 
enjoyment, intrinsic/extraneous load. To facilitate interpretation, we reduced the number of variables using 
exploratory factor analysis. The Kaiser-Meyer-Olkin adequacy was .65 (above the recommended value .6) and 
Bartlett’s test of sphericity was significant (p < .001). Factors were extracted using the Ordinary Least Squares 
method with varimax rotation. Both scree plot analysis and parallel analysis suggested the presence of three 
factors. These factors corresponded to our three umbrella constructs: motivation to play, motivation to learn, 
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and cognitive load; and the factors were thus labeled so. In our main analysis, we computed regression models 
with the newly-created factors (all three factors where entered together into each model)3.  
 Both Motivation factors significantly predicted transfer; however, only Motivation to learn predicted 
also retention (Table 5). Hypothesis H3b was thus supported and H3a was supported only as concerns transfer.  
 
Table 5 
Hypotheses, predictions, and exploratory goals related to the motivation–learning link 
Dependent variable Independent variables 
 Motivation to playa Motivation to learnb Cognitive loadc 
 
β Hypothesis/
Goal 
β Hypothesis/
Goal 
β Hypothesis/
Goal 
  [✓] H3a  ✓ H3b  – E3 
Retention immediate 0.10  0.30*** ✓ -0.33*** – 
Retention delayed 0.07  0.34*** ✓ -0.28** – 
Transfer immediate 0.19* ✓ 0.24** ✓ -0.33*** – 
Transfer delayed 0.20* ✓ 0.36*** ✓ -0.28** – 
Note: Hypothesis: ✓supported; [✓] partially supported;  not supported. Relationship found: – negative. 
aThe factor to which game-induced positive affect/flow primarily load. 
bThe factor to which learning enjoyment/positive affect/flow primarily load.  
cThe factor to which intrinsic/extraneous load primarily load. 
 As concerns Exploratory Goal E3, cognitive load predicted well all learning outcome variables in the 
negative direction. As concerns Exploratory Goal E4, gamer scores as well as motivation to play were weaker 
predictors of learning outcomes compared to techie scores and motivation to learn (and cognitive load). 
However, they still played certain roles (Tables 4, 5).  
 We conclude that participants with higher motivation to learn and/or with lower cognitive load learned 
better than those with lower motivation and/or higher cognitive load. Also, those motivated to play the game 
performed somewhat better than those less motivated to play, but only on transfer test tasks.  
5.4 Mediation Analysis 
We used the package mediation (Tingley et al., 2014) for causal mediation analysis. We computed 
estimates for indirect effect using quasi-Bayesian Monte Carlo Simulations (N = 10,000) (Preacher & Hayes, 
2004).  
The relationship between techie scores and learning outcomes was mediated both by motivation to 
learn and cognitive load engendered during learning (Table 6). Therefore, Hypotheses H4a and H4b were 
supported.  
 The relationship between gamer scores and transfer was mediated by overall game enjoyment and, for 
immediate transfer, marginally mediated by overall game difficulty. No other variable was confirmed as a 
 
3 See Suppl. Mat. A for factor loadings and supplementary analyzes. 
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mediator (p > .106). Hypothesis H5a was thus supported only with respect to transfer and overall game 
enjoyment, and Hypothesis H5b with respect to immediate transfer.  
 
Table 6 
Mediation analysis 
 
Note: CI = confidence interval. Hypothesis: ✓supported; [✓] partially supported;  not supported. 
†p < .10 *p < .05 **p < .01 
aThe FA factors 
5.5 Interview Data  
We inspected negative evaluations of the LARP and whether motivation to learn transformed to 
identified regulation to play, as gauged by participants. To summarize these results, we split participants into 
four groups based on median split of transfer (average value of immediate and delayed transfer test scores; i.e., 
high vs. low transfer) and motivation to play (average value of Z-scores from game-induced flow and positive 
Independent 
variable 
Mediator (Hypothesis) Dependent variable Mean estimates 
of indirect path 
95 % CI  
Techie score Motivation to learna (H4a ✓) Retention immediate 0.08 [0.01,0.17]*  
 Retention delayed 0.09 [0.02,0.2]**  
  Transfer immediate 0.06 [0,0.14]*  
  Transfer delayed 0.09 [0.02,0.19]**  
 Cognitive load engendered by 
learninga (H4b ✓) 
Retention immediate 0.08 [0.01,0.16]*  
 Retention delayed 0.07 [0,0.16]*  
  Transfer immediate 0.07 [0.01,0.15]*  
  Transfer delayed 0.06 [0,0.14]*  
Gamer score Motivation to playa (H5a, the 
first part ) 
Retention immediate 0.01 [-0.03,0.04]  
 Retention delayed -0.01 [-0.05,0.03]  
  Transfer immediate 0.03 [-0.01,0.06]  
  Transfer delayed 0.02 [-0.02,0.06]  
 Overall game enjoyment (H5a, 
the second part [✓]) 
Retention immediate 0.01 [-0.01,0.04]  
 Retention delayed 0.02 [-0.01,0.04]  
  Transfer immediate 0.02 [0,0.05]*  
  Transfer delayed 0.03 [0,0.06]*  
 Overall game difficulty (H5b 
[✓]) 
Retention immediate 0.02 [-0.01,0.05]  
 Retention delayed 0.03 [-0.01,0.06]  
  Transfer immediate 0.03 [0,0.06]†  
  Transfer delayed 0.03 [-0.01,0.06]  
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affect; i.e., high vs. low motivation). Sample statements from the subgroups’ participants are shown in Table 
7. Generally, qualitative data showed: i) higher learning outcomes were not necessarily connected to excitation 
from the game; ii) some learners (around 20% of the sample) did not like the approach; iii) some participants 
(around 15%) claimed the game had a substantial positive motivational effect on their learning.  
Table 7 
Sample statements during interviews and participant interests 
  Transfer/motivation subgroup 
  
high transfer, high 
motivation 
high transfer, 
low motivation 
low transfer, 
high motivation 
low transfer, 
low motivation 
Example quote from the 
interview 
 
“This is the first 
time in my life that 
I enjoyed physics.” 
(a psychology 
student) 
“I’d prefer to 
learn it without 
a game, the 
device was nice 
anyway and the 
game distracted 
me.” (a 
computer 
science student)  
“The LARP 
was superb, but 
the learning 
was a 
nightmare.” (an 
art student) 
“…the LARP is 
not a game for 
me.  … I will 
never play it 
again.” (a 
librarianship 
student) 
 
Participant interests 
(Means and SDs) 
     
Techie score [0 – 3.75]a   1.15 (0.88)  1.50 (0.90) 0.55 (0.51)  0.51 (0.67)  
Gamer score [0 – 13.8]a   5.49 (2.64)   4.49 (2.79) 6.89 (3.33)  2.61 (2.27)  
Numbers of participantsb      
Hard sciences  45 17 (37.8%) 16 (35.6%) 7 (15.6%) 5 (11.1%) 
Social sciences 56 13 (23.2%) 5 (8.9%) 11 (19.6%) 27 (48.2%) 
aActual range. 
bTwenty-seven participants could not be classified as hard vs. social science students or had partly missing 
data. 
5.6 Supplementary Results  
For control purposes, we also conducted a supplementary study, in which we tested how much 
participants would learn from the same 40-minute-long learning session as embedded in the LARP: but outside 
the game. We recruited 48 participants to match a selected sub-sample from the main study (i.e., a quasi-
experimental comparison without randomization). Participants were matched based on their study 
backgrounds (see Suppl. Mat. G for further details). At the beginning of the learning session, these non-game 
participants were told that they should imagine they are students on a generation ship (to contextualize the 
device). The same learning outcomes and autonomous motivation measures were used. 
 Positive affect of non-LARP learners measured immediately after the narrative introduction, i.e., 
immediately before the learning session, was significantly lower compared to positive affect of the matched 
LARP participants measured in the game, before the learning session (d = 0.45). This demonstrates a medium 
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effect size motivational advantage of the edu-LARP (see Suppl. Mat. G for descriptive data and analyses). 
Motivation to learn (i.e., measured immediately after the learning session ended) was comparable for both 
groups of learners. Non-LARP learners exhibited a faster decline of transfer learning outcomes (immediate – 
after three weeks) compared to the matched LARP participants (d = 0.67). No other significant between-group 
difference as concerns learning outcomes was found (d = –0.16 – 0.20) (Suppl. Mat. G). This means that LARP 
players forgot less in terms of conceptual knowledge (moderate-to-strong effect).  
6. Discussion 
 We investigated how much motivation driven by interest in playing an educational game impacts 
learning outcomes compared to motivation driven by interest in the instructional domain (while controlling for 
levels of cognitive load). Motivation to play was shown to be related to learning outcomes, but its influence 
was dwarfed by the effects of the natural motivation to learn the given topic exhibited primarily by participants 
with developed domain interest. Specifically, developed domain interest was clearly related to autonomous 
motivation to learn and learning-evoked cognitive load, which were clearly related to learning outcomes. 
However, autonomous motivation to play, exhibited primarily by participants with developed interest in sci-fi 
LARP-like games, was only slightly related to transfer learning outcomes (and unrelated to retention). Also, 
motivation to play did not noticeably mediate the relationship between interest in sci-fi LARP-like games and 
learning outcomes.  
 This pattern of results – that of a relatively strong effect of domain interest on learning outcomes and 
weaker, sometimes even negative, effect of interestingness of framing the educational message on learning 
outcomes – is generally consistent with findings from the fields of multimedia learning (e.g., Rey, 2012) and 
hypermedia learning (e.g., Moos & Marroquin, 2010). This study has demonstrated this pattern in the context 
of game-based learning, for which large motivational benefits have been envisioned: it is better to enjoy 
learning than playing.  
6.1 Contributions 
6.1.1 Theoretical contributions 
From the self-determination theory perspective, it is noteworthy that we distinguished between 
autonomous motivations to learn versus to play, which is rare in game-based learning literature. In agreement 
with self-determination theory, our results demonstrated that motivation to learn was a better predictor of 
learning outcomes compared to motivation to play; yet the study also provided provisional evidence suggesting 
that intrinsic motivation to play can transform to identified regulation to learn. Future studies should explore 
in more detail how motivation derived from playing transfers to identified regulation to learn, as this is one of 
the key ways how motivation to play can influence learning processes within game-based learning. Other ways 
how motivation to play can impact learning processes should also be considered and examined (e.g., through 
enhanced self-efficacy).  
 From the cognitive load theory perspective, it was equally important that we distinguished between 
game-evoked extraneous load and learning-evoked loads. In agreement with cognitive load theory, the results 
confirmed learning-evoked loads as mediators of the effect of developed domain interest on learning outcomes. 
Complementary meditational analysis showed that perceived game difficulty (a proxy variable to game-
engendered extraneous load) only tended to mediate the effect of developed interest in sci-fi LARP-like games 
on immediate transfer. Either the distraction from the game was not a big deal for participants, or our 
measurement did not assess the game-engendered cognitive load well. Validated methods for measuring this 
construct are needed, because the extent to which different types of games or game attributes evoke extraneous 
cognitive load is a pressing issue.  
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 With respect to the four-phase model of interest development (Hidi & Renninger, 2006), our results 
corroborated the idea that developed interest in a learning domain is connected to enhanced learning in (at 
least) two different ways: cognitive and affective-motivational ones. This interest was linked to both lower 
cognitive load (presumably due to pre-existing, task-fitting schemata in the long-term memory) and higher 
values of motivation variables. Both cognitive load and motivation also mediated the effect of domain interest 
on learning outcomes.  
6.1.2 Practical contributions  
Our results showed that edu-LARPs may enhance learning through positive affective-motivational 
factors for some learners, but this educational method is not unanimously liked. This study and some prior 
research (Brummel et al., 2010; Mochocki, 2014; Vanek & Peterson, 2016) thus indicate that edu-LARPs are 
accepted differently by different learner-types. Acceptance-/suitability-related problems should be addressed 
in future research as well as in applying this educational method in practice (cf. Mochocki, 2014; Vanek & 
Peterson, 2016). Practitioners should also keep in mind that LARPs take a long time to prepare and complete. 
On a more positive note, a single edu-LARP can have multiple educational objectives at the same time 
(Bowman, 2014). 
6.1.3 Methodological contributions  
This work capitalized on the fact that game-related versus learning-related developed interest, 
affective-motivational, and cognitive load variables were assessed separately. We suggest considering this 
approach in future game-based learning research, as this can help elucidate complex roles different components 
of interest, motivation, and cognitive load play in learning processes.  
6.2 Limitations 
 No work is without limitations. The key thorny issue is the nearly-absolute lack of validated 
measurements for edu-LARP contexts (and beyond, as detailed below).  First, developed instruments, such as 
EGameFlow (Fu et al., 2009), are very long. A construct needs to be assessed with a few questions within a 
game, and, should learning tests be administered, also after the game (to avoid fatigue). Second there is an on-
going discussion about how to measure cognitive load and distinguish between different types of load (e.g., 
Leppink et al., 2014; Naismith et al., 2015). Cognitive load instruments that would be validated in the same 
way as, for example, PANAS are lacking. Finally, there is no agreed-upon method for measuring developed 
interests (Renninger & Pozos-Brewer, 2015). We were more satisfied with the gamer score variable, because 
it was more internally consistent compared to the techie score variable (despite all three subcomponents of the 
latter variable were theoretically related to developed domain interest). We believe that the pattern of our data 
is clear enough and consistent with underlying theories to warrant our interpretations of the findings. 
Nevertheless, valid instruments would be useful in future.  
 In an ideal world, this study would have had a control, non-LARP, condition and participants would 
have been randomly assigned to the LARP and non-LARP conditions. This would enable the contrasting of 
learning within the game to learning outside the game, whilst the content and the method (i.e., frontal lecture 
with hands-on practice) would be the same. Unfortunately, true randomization is rarely possible in research 
using edu-LARPs due to practical and ethical reasons (further detailed in Suppl. Mat. G). We have focused 
here on the within-subject comparison part (done within what would be an experimental condition) and have 
drawn conclusions from this part. We also recruited a quasi-experimental control group, but data on comparing 
performance of LARP learners to non-LARP learners should be treated cautiously because of the lack of 
randomization.  
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7 Conclusions 
 This study contributes to game-based learning literature, but also to the research base on productive 
enhancement of interest and motivation in academic contexts. Its key message is that learners’ developed 
domain interest and motivation to learn a particular topic contribute more toward enhancing learning outcomes 
than supposedly appealing, game-based augmentations of the educational message. Our results can be directly 
generalized probably only to games that have a similar level of complexity as our LARP. However, there is 
growing, parallel evidence suggesting that the message above is quite general and concerns many different 
types of learning environments and materials, such as textbooks or hypermedia.  
Supplementary Materials 
 Supplementary materials include: supplementary data and analyses (Suppl. Mat. A, F), detailed 
description of the edu-larp and procedure (Suppl. Mat. B), description of the function of the experimental 
device (Suppl. Mat. C), questionnaire items (Suppl. Mat. D), description of developed interest variables (Suppl. 
Mat. E), the supplementary study (Suppl. Mat. G). 
Keypoints 
 Educational live action role-playing games (edu-LARPs) are supposed to enhance learning 
outcomes by motivating learners. 
 In this study, learners played a 2-hour-long edu-LARP with an integrated learning session. 
 We asked to what degree does motivation driven by interest in playing the edu-LARP affect 
learning outcomes compared to learning-driven motivation. 
 Learning-driven motivation (rather than playing-driven motivation) predicted learning outcomes; 
the effects of the latter were positive, but small. 
 Developed topic interest (rather than interest in LARPs) predicted learning outcomes; the effects 
of the latter were still positive, but small. 
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Table of Footnotes 
1 The p-value, unreported in the paper, is .076 (Pieter Wouters; email dating from 16 Dec 2013). 
2 Some questions administered in this study were not analyzed and reported here. Examples include negative 
affect (from PANAS), which was out of present scope (see Suppl. Mat. A for descriptive data), and various 
manipulation check questions (e.g., on initial interest).  
3 See Suppl. Mat. A for factor loadings and supplementary analyzes.  
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